Intravenous pamidronate treatment of polyostotic
hbrous dysplasia associated with the McCune
Albright syndrome
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Objectives: An open trial of pamidronate treatment was undertaken in 5
children and 4 young adults with polyostotic fibrous dysplasia associated
with McCune Albright syndrome to assess clinical response, bone turnover,

and cardiovascular status over a 2-year period.

Study design: Pamidronate was administered by intravenous infusion

1 mg/kg/d for 3 days every 6 months for 2 years. Bone turnover was
measured at 0, 6, 12, 18, and 24 months with bone mineral density, and
cardiac output was assessed by echocardiography at 0, 12, and 24 months.

Results: All subjects reported marked reduction in bone pain and sustained
increased mobility, The fracture rate decreased in most. Orthopedic inser-
tion of intramedullary rods was successful with maintenance of rod position.
Mean osteocalcin levels fell from 35.5 = 5.6 lg/L to 28.4 + 4.1 ug/L (P < .03).
Other bone turnover marker changes were not significant. The mean bone
mineral density at lumbar spine increased from 0.5 + 0.08 to 0.67 = (.03
g/em? (P < .002) in children and 1.16 = 0.6 to 1.33 = 0.08 g/cm? in adults

(P < .005). Other changes in bone mineral density were not significant.
Cardiac output did not change significantly.

Conclusions: Pamidronate treatment is an effective therapeutic modality
for children with polyostotic fibrous dysplasia, with a good short-term safe-
ty profile. Failure to demonstrate major biochemical or bone densitometry

improvements is due to the nature of the fibrous dysplasta and intercurrent

microfracture. (J Pediatr 2000;137:403-9)

The McCune Albright syndrome is
characterized by polyostotic fibrous
dysplasia, cafe au lait pigmentary
changes, and autonomous hyperfunc-
tion of endocrine glands."? PFD pro-
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duces a multitude of bony disfigure-
ments, recurrent fractures, and increas-
ing deformity throughout childhood
and adolescence. Ill health, recurrent
hospitalization,% and deformity that
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markedly limits activities are all major
problems in affected children.

See related article, p. 410.

Bisphosphonates are stable analogs
of naturally occurring pyrophosphate
that are clinically effective in disorders
associated with increased bone resorp-
tion such as Paget's disease, bone
metastases, and osteoporosis. Chemical
modifications in the side chain chem-
istry can greatly increase their potency.
The molecular basis of bisphosphonate
action is complex, with a cumulative in-
hibitory effect on pathologic bone loss.
Bisphosphonates inhibit bone resorp-
tion by being adsorbed and taken up
onto mineral surfaces in bone, where
they interfere with osteoclast action.>8
Bisphosphonates may also act by stim-
ulating osteoblasts to produce an osteo-
clast inhibitory factor.

BMD. Bone mineral density:: 01
PFD - ‘Polyestotic fibrous dysplasia

Recent data suggest that impaired ca-
pacity for osteogenic differentiation
found in mutated fibrous dysplasia cells
may be mediated by changes in trans-
forming growth factor f/BMP signaling
systems.” The use of bisphosphonates
for treatment of patients with PFD was
originally proposed on the basis that the
large and numerous osteoclasts present
at the interface between normal bone,
and fibrous dysplasia could be responsi-
ble for increased osteoclast resorption,
with histologic and biochemical similar-
ities between fibrous dysplasia and
Paget’s disease.!%!! After the first de-
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Table I. Manifestations of clinical problems in subjects before commencement of treatment

SEPTEMBER 2000

Sumé.ﬁa[ e e . Other Annualized rate.
, Age  Clinical signs other than pathologic ~ fracturein
No. (y) Sex  fibrousdysplasia ~ Pubertalstatus  conditions = preceding 2 years
i i1 . M Tachycardia, cafe au lait Testes 6 mIi from age 7 ' 5
e “markings . (Prader) = e
2 5 ..M Warm skin, tachycardia,  Testes 6 mL from age & Fatty degeneration 2
. cafe aulait markings ... . o . onliver biopsy .
5 9 M Tachycardia, warm skin, ~ Prepubertal testes 3mL 3
. ,;_i,cafe.au,la,it markiagg‘-; . e
4 3. .M - Tachycardia, warm skin, . Prepubertal testes 2 mL. 4
. cofcaulatmarkingg .
b6 M . Cafe au lait marks . Prepubertal testes 3mlb. .. - e 2
6 17 M Cafe anlait markings . History of puberty at L Inferior 2
f : . age 13 _quadrantanopia, ‘
e o ' MRI bormal
7 9% F . i ‘Menarche atage 10 : 0
8. 25 F o o it spots History of ménarche 0
i age 9
9.2 F . spots : Histary‘of nfi,enarche 1
. age12.13

MRI, Magnetic résonanice naging.

scription of bisphosphonate treatment
for PFD was published in 1994, only a
few studies of long-term effects of mntra-
venous pamidronate use in PFD) were
published; there is only 1 study of the

effect of treatment on children.101215-16

PATIENTS AND
METHODS

This study involved 5 male children
aged 3 to 11 years and 4 young adults
(3 female, 1 male). Eight patients had
the McCune Albright syndrome as de-
fined by PFD and multiple large cafe
au lait lesions, and 1 young adult had
PFD without other manifestations of
the McCune Albright syndrome (Table
1). Four patients (1, 3, 4, and 5) were
confined to wheelchairs or walked
with crutches at all times before treat-
ment. All others had major leg length
discrepancies and walked with a
severe limp. All patients reported
chronic bone pain that caused sleep
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disturbance and exacerbated clinical
disability. Patients 1 to 5 had had nu-
merous previous failed surgical proce-
dures for fracture management with 7
past surgical insertions of rods, cross
bolts, and plates, all of which became
loose and were unsuccessful.

Patient 2 had abnormal liver func-
tion tests. Liver biopsy before the com-
mencement of the stuc].y demonstrated
fatty degeneration and infiltration
only. Patients 1, 2, 3, and 4 had a
chronic tachycardia and warm skin,
suggestive of a high cardiac output
state from the time of commencement
of the study. All patients were euthy-
roid throughout the study.

No patient had any other endocrinopa-
thy before or during the 2 years of treat-
ment, although 2 of the young adult
female patients reported having had
menarche at age 9 to 10 years.

Patient 6 had a left inferior quadran-
tic field defect before the treatment
was begun. Skull x-ray evaluation and
magnetic resonance imaging failed to
reveal any pituitary abnormality or

mass encroaching on the optic nerves
or optic foramina.

A 2-year study was undertaken with
documentation as to the effect of di-
sodium pamidronate on the fibrous
dysplasia and monitoring for any side
effects of treatment. The project had
the approval of the Ethics Committee
of the Royal Children's Hospital. In-
formed consent was obtained from all
participants and parents for the study.

All patients were admitted to the
hospital for administration of disodi-
um pamidronate by intravenous infu-
sion. A dosage of 1 mg/kg was given
over a 4-hour period each day for 3
consecutive days. Infusions were re-
peated every 6 months for 2 years. All
patients had visual field testing (Gold-
man fields) performed at 0, 12, and 24
months. Thyroid function was moni-
tored by free thyroxine levels and
thyroid-stimulating hormone and pu-
bertal status by follicle-stimulating
hormone, luteinizing hormone, and
testosterone levels at 0, 6, 12, 18, and
24 months.
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Table I1. Biochemical markers of bone turnover in children during treatment

ZACHARIN AND O’SULLIVAN

Time (mo)
2. .. 24 Normal range P value
Osteocalein (jig/L) 355+56 528258 284 241 - 26.56 03
Alkaline phosphatase (u/L) 818.5 « 181.7 7752 5 197.5 654.0 + 171 . 100-350 NS
Pyridinoline cross:links 2612 » 2064 1436 £ 518 1571 = 662 211-395 NS
(nmol/mmol ert) : “ |
Deoxypyridinoline cross-links 757 + 895.7 369,53 « 505.9 33.5.75.9 NS

(mmol/mmol crt)

465.5 £ 5229

NS, Not significant.

Measures of bone formation and
breakdown were monitored just before
disodium pamidronate infusion at 0, 1,
3,6, 12, 18, and 24 months. Osteoblastic
activity was measured by plasma alka-
line phosphatase with a kit method from
Sigma Diagnostics and osteocalcin by
IRMA (Nichols Institute Diagnostics)
with intra-assay and interassay coeffi-
cients of variation of 7% and 9%, respec-
tively. These were compared with values
from a normal age-matched control
group. Osteoclastic activity was mea-
sured by total pyridinoline and de-
oxypyridinoline cross-links by an in-
house method with 24-hour urinary acid
hydrolysis, chromatography extraction,
and high-performance liquid chro-
matography analysis, with correction
for urinary creatinine. Intra-assay
and interassay coefficients of variation
were 8% and 10% for pyridinoline
cross-links and deoxypyridinoline cross-
links, respectively. Biochemical data
were compared with those of a normal
age-matched control population. Urine
was collected for all specimens, 2 hours
after the patients rose in the morning.

Bone mineral density was assessed at
0, 12, and 24 months with dual-energy
x-ray absorptiometry (DEXA Hologic
1000) with precision of 1% at the lum-
bar spine and 2% at the hip.

Biopsy of affected bone was undertak-
en during any intercurrent orthopedic
procedure that was necessary during the
2 years of treatment. Sections were de-
calcified before the examination was
performed.

Echocardiography was performed at
0, 12, and 24 months with calculation
of cardiac output by measurement of
time velocity integrals of Doppler trace
across the aortic valve, where

Stroke volume = Time velocity integral x
Cross-sectional area (cm?).

ResuLTS
Clinical

Patients reported marked reduction
in bone pain within the first week of
their first treatment, with a sustained in-
crease in mobility after pain ceased.
Most patients had complete cessation of
pain that lasted a minimum of 5 months
but pain tended to return just before the
next infusion was due. Objective evi-
dence of change was difficult to assess
because of variability in mobility and
age-related changes in locomotion dur-
ing the trial. Two children stopped
using a wheelchair completely for the
duration of the study. Fracture inci-
dence was reduced in 5 patients by a
mean of 3.4 to 2.4 fractures per year,
but 1 child sustained more fractures in
the first year of treatment (from 3 to 5),
because he ceased using his wheelchair
and joined the school cricket team. A 4-
year-old child had an increased number
of fractures, again because of increased
mobility (including climbing on tables).
All parents reported a consistent im-
provement in sleep pattern (sleeping
through the night compared with wak-
ing with reports of bone pain) and qual-

ity of life for their affected offspring.
Objective quality-of-life scales were not
used, because such major changes were
not anticipated. Resting pulse rate and
skin temperature decreased in the 4
children who had initial clinical evi-
dence of a high cardiac output state.
Resolution of the visual field defect oc-
curred in patient 6 after 6 months of
treatment and did not recur throughout
the 2 years.

No new endocrinopathy occurred
during the 2 years of treatment. There
was no clinical or biochemical progres-
sion of the liver disorder in patient 2
during the 2 years of the study. The 2
patients (1 and 2) who had clinical evi-
dence of precocious puberty had no
pubertal progress during the next 2
years. Patients 3 and 4 had increased
testicular size to 6 mL bilaterally after
completion of the study at ages 11 and
6 years, respectively. Ty thyrotoxicosis
developed in patient 1 at 1 year after
completion of the study.

When surgery was necessary for
management of fractures and bone de-
formity, all procedures were performed
by a single orthopedic surgeon, who re-
ported improvement in the texture and
cortical thickness of long bones with
successful instrumentation, whereas
there had been several previous failed
attempts to achieve fixation of in-
tramedullary rods because of softness
of bone. Twelve separate rodding pro-
cedures were performed on 5 children
with the use of Sheffield intramedullary
expanding rods. All procedures were
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Fig 1. Mean areal bone density (BMD) at lumbar spine and whole body BMD during 2 years of bis-

phosphonate treatment.

Fig 2. Fibrous dysplasia in subject | demonstrating bony expansion and distortion of the femur
over 4-year period, making ABMD calculations impossible. Left, Age 3 years; right, age 7 years.

successful and resulted in independent
mobility for all patients.

Side effects were limited to a mild
acute phase reaction on first exposure
to bisphosphonate with fever to 38.5°C

406

for 24 hours in older children and
young adults. No child younger than
age 5 years was febrile.

There were no other side effects at any
time throughout the 2 years of the study.

THE JOURNAL OF PEDIATRICS
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Biochemical

Changes in bone turnover values
were difficult to assess, correlating
with intercurrent fracture or surgical
interventions (Table II). There was a
slight trend towards decrease in bone
turnover in the first 12 months of treat-
ment in the children that was not con-
sistent or maintained. Several of the
assay samples for the young adults
were unavailable because of loss in
transit. However, all available samples
were in the normal adult range. Data
calculation was made for children only
with the use of unpaired ¢ tests. Full
blood count, renal function, and liver
function were normal throughout the
study in all patients except patient 2, in
whom liver function was abnormal be-
fore bisphosphonate administration
and did not change throughout the
study. Follicle stimulating hormone,
luteinizing hormone, and testosterone
levels were in the prepubertal range in
patients 1 and 2 throughout the 2 years
of the study.

Bone Mineral Dendity

BMD values increased at both the
lumbar spine and the whole body in all
patients throughout the 2 years of
study, with a significant mean 34.6%
increase at the lumbar spine in chil-
dren (P < .002) (Az score +1.27) and
3.4% (P < .005) (Az score +0.56) 1n-
crease in adults (Fig 1, Table III).
Only 1 adult patient (7) had a single
thoracic vertebra affected with fibrous
dysplasia. Her lumbar vertebrae were
radiclogically normal, as were those of
all other patients. Accurate calculation
of volumetric BMD at the hip or calcu-
lation of BMD adjusted for body size
and growth was impossible because of
the grossly abnormal and changing
bony configuration in this area in all
pediatric patients (Fig 2).

Biopsy of bone affected with fibrous
dysplasia was undertaken in 4 children
during intercurrent surgical proce-
dures, with biopsies of subjects 1, 3, 4,
and 5 done before and during bisphos-
phonate treatment. Typical pathologic
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Table ITI. Changes in areal BMD (g/cm?) during 2 years of pamidronate treatment

ZACHARIN AND O’SULLIVAN

Children Adults
. Time . ~ Mean Mean = Meﬁn‘ : Mean
Area (mo) BMD . zscore Pvalue BMD zscore P value
Lombar ...
. 0  05:008  -073 o L164006 0.22
Whole body (excluding lower fimbs) o

106006 NS

NS, Not significant.

changes of fibrous dysplasia were seen
in all biopsies. Before treatment was
performed, biopsies from subjects 1, 3,
and 4 also demonstrated giant cell
reparative granuloma-like areas. Be-
fore treatment was performed, biopsies
from patients 1 and 3 demonstrated
areas of cartilage and of lamellar bone
mixed with woven bone. These
changes continued to occur (on repeat-
ed biopsies) during treatment.

Echocardiography

In the 5 children examined, a variable
and inconsistent reduction in cardiac
output was recorded, with mean car-
diac output before treatment of 4.96 =
0.75 L/min, falling to 3.84 + 0.38 L/min
at 12 months and rising to 4.73 + 0.29
L/min by 24 months (not significant).

DiscuUssION

This study confirms the sustained
clinical improvement in bone pain, mo-
bility, and quality of life seen in other
clinical studies of patients with the Mec-
Cune Albright syndrome and other
bone conditions such as adult Paget’s
disease and pediatric osteogenesis im-
perfecta.1912.16,18,15 The reasons for
cessation of bone pain are complex and
may reflect a combination of decreased
bone turnover, specific alterations in
cytokine release, and reduction in mi-
crofractures, with decreased osteoclast
action resulting in decreased bone re-

24 094:007 NS

sorption and increased bone strength,
with filling in of lytic lesions.'¥ Objec-
tive measurement of clinical improve-
ment is very difficult to demonstrate in
these children because of necessary in-
tercurrent orthopedic procedures, in-
tercurrent fractures, and variability in
pediatric markers of bone turnover.2?
Our group as a whole had a decreased
fracture rate during 2 years of treat-
ment, presumably because of improved
bone density and quality and improved
cortical thickness.

Despite only small alterations in bio-
chemical or bone density measures in
our subjects, the surgical interventions
were more successful (7 failed surgical
procedures before treatment compared
with 12 successful roddings after treat-
ment), reflecting a more major change
in overall bone strength with treatment
than could be shown with conventional
measurements. Reduced osteoclast ac-
tion and decreased bone resorption
with a net increase in cortical and tra-
becular volume and width induced by
bisphosphonate treatment are the likely
reasons for improved surgical outcome.

A case report of alendronate effect on
BMD suggests that major improve-
ments in bone quality with filling of Iytic
lesions and improved cortical thickness
occur with this treatment also.?!

Alteration in BMD in children must
be assessed in the context of normal
growth and increasing body size. In-
creased lumbar spine BMD seen in the
children in this study is consistent with

expected areal increases after 2 years
of growth, with a calculated prepuber-
tal increase in areal BMD of 2% to 5%
per year being normal. Because bis-
phosphonate is taken up preferentially
into bone affected with fibrous dyspla-
sia, it 1s not expected that areal BMD
of unaffected areas would alter signifi-
cantly other than by a growth effect.
Although our patients bad increasing
BMD as they grew, the changes were
due to a mixture of normal linear
growth, filling in of lytic lesions, and
perhaps alterations in bony architec-
ture. BMD of affected areas is not a
useful modality to monitor the effect of
treatment because of the extreme dis-
tortion of bony architecture in the
peripheral skeleton, with increased
cross-sectional area of bone making in-
terpretation unreliable, because the
large area gives a falsely elevated areal
BMD. Volumetric bone density re-
mains static during childhood in nor-
mal bone but increases in fibrous
dysplasia as the affected areas expand.

Whole body BMD calculations were
made on the basis of truncal bone den-
sity to include head, pelvis, and upper
limbs and thus include the variable
areas of fibrous dysplasia. Lower limbs
were excluded from analysis because
of the insertion of metal rods. The =
scores could not be calculated for the
unusual combination of areas mea-
sured. Expression of the results as a
mean percentage increase in BMD to
include areas of fibrous dysplasia was
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considered the only way in which to
look for an objective measurement of
bone density.

There are various ways in which bis-
phosphonate may be exerting an effect
on the bone lesions of the McCune Al-
bright syndrome in addition to its di-
rect effect as an osteoclast inhibitor
with reduced bone resorption and a net
increase in bone quality. Interleukin 6
synthesis in PFD has been postulated
(as a downstream effector of cyclic
adenosine monophosphate activity) to
have a possible pathogenic role in the
bone lesions by increasing the number
of osteoclasts.”? This effect may be
modulated effectively by the use of di-
sodium pamidronate as an inhibitor of
osteoclast activity. C fos proto-onco-
gene expression is increased in bone
biopsy specimens from patients with
PFD?® and in human osteogenic sarco-
mata (seen in 0.6% to 6% of patients
with McCune Albright syndrome).??
Increased expression of ¢ fos by PFD
lesions suggests that it may be the first
step in the multistep carcinogenesis
process. Bisphosphonate treatment by
binding to bone surfaces and altering
bone turnover in a multitude of ways
may be effective not only in improving
overall BMD but also in possibly de-
creasing future carcinogenic risk by
decreasing c fos transcription.

The regimen of treatment described
here has caused considerable clinical
improvement in mobility, pain, and
quality of life in affected children and
adults. However, all patients noticed
return of bone pain before the next in-
fusion (6 months apart). More frequent
cycles of treatment may decrease this
problem. Pamidronate is rapidly ab-
sorbed from the circulation and bound
to bone surfaces. More frequent treat-
ment cycles at a lower dose could be
more effective in terms of both reduced
osteoclast activity and bone turnover,
with improved symptom control. The
single case report of a young adult
treated with Alendronate suggests it
may be a useful option for treatment,
but its potential side effects may be a
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concern when children are treated, and
dosing schedules remain to be estab-
lished for the growing skeleton.
Decreased bone turnover may de-
crease cardiac output as a result of
reduced blood flow through bone,
leading in turn to reduced long-term
cardiac morbidity and risk of late car-
diomyopathy. Normalization of bone
remodeling during treatment with re-
duction in bony deformity as seen in
the resolution of a visual field defect in
one of our patients suggests that bis-
phosphonate treatment may be benefi-
cial for this problem with reduced need
for aggressive surgical intervention.2®
Chondroid areas with apparent de-
mineralization hbave been reported in
biopsy specimens of patients treated for
PFD with disodium pamidronate.!®
However, the fibrous dysplasia is pro-
gressive during childhood, and massive
chondroid differentiation in untreated
PFD has previously been reported.?®
Those reported post-treatment biopsy
specimens may have reflected a prob-
lem present before treatment. Other
studies of bisphosphonate use in chil-
dren have not reported mineralization
defects in bone biopsy specimens ob-
tained during treatment.’” These le-
sions were present in 2 of our subjects
before treatment and did not change
during treatment, again suggesting that
chondroid differentiation may occur in-
dependent of bisphosphonate.

We are indebted to Professor Jobn Wark for
bone mineral studies and their interpretation,
to Dr Peter Ebeling for performing pyridine-
line cross-link studies and for establishing the
normal range for this bone marker in our local
population, and to Dr CW Chow for providing
pathology reports and expert opinion for the
bone biopsy specimens.

REFERENCES

1. Weinstein LS, Shenker A, Gejman PV,
Merino MJ. Friedman E, Spiegel AM.
Activating mutations of the stimulato-
ry G protein in the McCune-Albright
syndrome. N Engl J Med 1991;325:
1688-95.

2. Farfel Z, Bourne HR, liri T. The

10.

11.

12.

14.

THE JOURNAL OF PEDIATRICS
SepTEMBER 2000

expanding spectrum of G protein
diseases. N Engl J Med 1999;340:
1012-20.

. Bareille P, Azcona C, Stranhope R.

Multiple neonatal endocrinopathies in
McCune-Albright syndrome. J Paedi-
atr Child Health 1999;35:315-8.
Shenker A, Weinstein LS, Moran A,
Pescovitz OH, Charest NJ, Boney
CM, et al. Severe endocrine and
nonendocrine manifestations of the
McCune-Albright syndrome associat-
ed with activating mutations of stimu-
latory G protein Gs. J Paediatr 1993;
123:509-18.

Rogers MJ, Frith JC, Luckman SP,
Coxon FP, Benford HL, Monkkonen
J, et al. Molecular mechanisms of ac-
tion of bisphosphonates. Bone 1999;4:
73S8-798.

Russell RG, Rogers MJ. Bisphospho-
nates: from the laboratory to the clinic
and back again. Bone 1999;25:97-106.
Niskikawa M, AkatsuT, Katayama Y,
Yasomoto Y, Kodo S, Kugal N, et al.
Bisphosphonates act on osteoblastic
cells and inhibit osteoclast formation in
Bone

mouse marrow cultures.

1996;18:9-14.

Sahni M, Guenther H, Fleisch H,
Collin P, Martin TJ. Bisphosphonates
act on rat bone resportion through the
mediation of osteoblasts. J Clin Invest
1993;91:2004-11.

Riminucci M, Solomura K, Kuznetsov
SA, Bianco P, Robey PG. Defective
TGF-beta/BMP signalling systems in
GNAS-1 mutated stromal cells from fi-
brous dysplasia of bone. Abstract pre-
sented at the Twenty-first Annual
Meeting of the American Society of
Bone and Mineral Research; 30 Sept-4
Qct, 1999,

Liens D, Delmas PD, Meunier PJ.
Long-term effects of intravenous
pamidronate in fibrous dysplasia of
bone. Lancet 1994;343:953-4.

Delmas PD, Meunier PJ. The man-
agement of Paget’s disease of bone. N
Engl J Med 1997:336:558-66.
Chapurlat RD, Delmas PD, Liens D,
Meunier PJ. Long-term effects of in-
travenous pamidronate in fibrous dys-
plasia of bone. J Bone Min Res 1997;
12:1746-52.

. Pfeilschifter J, Ziegler R. Effect of

pamidronate on clinical symptoms and
bone metabolism in fibrous dysplasia
and McCune Albright syndrome. Med
Klin 1998;93:352-9.

Chapurlat R. Meunier PJ. Bisphos-
phonates and bone remodeling: effec-
tiveness in Paget’s diseas, fibrous dys-




THE JOURNAL OF PEDIATRICS
VoLuMe 137, NuMBER 3

15.

16.

17.

18.

plasia and osteoporosis. Rev Chir Or-
thop Reparatrice Appar Mot 1998;
84:743-51.

Chapurlat RD, Delmas PD, Liens D,
Meunier PJ. Long term effects of in-
travenous pamidronate in fibrous dys-
plasia of bone. J Bone Min Res 1997;
12:1746-52.

Chapurlat R, Delmas PD, Meunier
PJ. Extended follow-up of patients with
fibrous dysplasia of bone treated with
pamidronate. Bone 1998;22(Suppl): B43.
Glorieux FH, Bishop N.J, Plotkin H,
Chabot G, Lanove G, Travers R. Cyclic
administration of pamidronate in chil-
dren with severe osteogenesis imper-
fecta. N Engl J Med 1998;339:947-52.
Rosen CJ. Kessenich CR. Comparative
clinical pharmacology and therapeutic
use of bisphosphonates in metabolic
bone diseases. Drugs 1996;51:537-51.

i9.

21.

22.

23.

Chapurlat R, Meunier PJ. The non
surgical treatment of fibrous dysplasia.

Rev Rhum Engl Ed 1999;66:1-3.

. Shaw NJ, Dutton J, Fraser WD,

Smith C8. Urinary pyridinoline and
deoxypyridinolone excretion in chil-
dren. Clin Endocrinol 1995;42:607-12.
Weinstein RS. Long term aminobisphos-
phonate treatment of fibrous dysplasia:
spectacular increase in bone density. J
Bone Min Res 1997;12:1314-5.
Yamamoto T, Ozono K, Kasayama S,
Yoh K, Hiroshima K, Takagi M, et al.
Increased IL-6-production by cells iso-
lated from the fibrous bone dysplasia tis-
sues 1 patients with McCune-Albright
synrome. J Clin Invest 1996;98:30-5.
Candeliere  GA, Glorieux FH,
Prud’'Homme J. St-Arnaud R. In-
creased expression of the c-fos proto-
oncogene in bone from patients with fi-

24.

26.

27.

ZACHARIN AND O’SULLIVAN

brous dysplasia. N Engl J Med 1995;
332:1646-77.

Ruggieri P, Sim FH, Bone JR, Unni
KK. Malignancies in fibrous dysplasia.
Cancer 1994;73:1411-24.

. Bocca G, de Vries J, Cruysberg JR.

Boers GH, Monnens LA. Optic neu-
ropathy in McCune-Albright syn-
drome: an indication for aggressive
treatment. Acta Paediatr 1998;87:599-
600.

Ishida T. Dorfman HD. Massive chon-
droid differentiation in fibrous dyspla-
sia of bone (fibrocartilaginous dyspla-
sia). Am J Surg Pathol 1993;17:924-30.
Brumsen C, Hamdy NA, Papapoulos
SE. Long-term effects of bsiphospho-
nates on the growing skeleton. Studies
of young patients with severe osteo-
porosis. Medicine (Baltimore) 1997;
76:266-83.

or 314-579-2838).

FELLOWSHIPS

Fellowships available in pediatric subspecialties and those for general academic pediatric
training are listed once a year, in January, in The Journal of Pediatrics. Each June, forms for
listing fellowships available for the academic year beginning 18 months after publication are
sent to the Chairman of the Department of Pediatrics at major hospitals in the United States
and Canada. In addition, a copy of the application form appears in the July, August, and
September issues of The Journal (please use the current form). Should you desire to list fel-
lowships, a separate application must be made each year for each position. All applications must
be returned to Mosby, Inc, by October 15 preceding the listing year to ensure publication.
Additional forms will be supplied on request from the Periodical Editing Department, Mosby,
Ine, 11830 Westline Industrial Dr, St Louis, MO 63146-3318 (phone: 800-325-4177, ext 2838,
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